Abstract -The present paper examines the task of minimum cost flow finding in a fuzzy dynamic network with lower flow bounds. The distinguishing feature of this problem statement lies in the fuzzy nature of the network parameters, such as flow bounds, transmission costs and transit times. The arcs of the considered network have lower bounds. Another feature of this task is that fuzzy flow bounds, costs and transit times can vary depending on the flow departure time. Algorithm, which implements the solution of considered problem, is proposed.
I. INTRODUCTION
Conventional tasks of finding a maximum flow and minimum cost flow assume that the instant flow passes along the arcs of the graph that certainly is simplification of the real life. Such tasks are called static flow tasks. In fact, it turns out that the flow spends certain time passing along the arcs of the graph. Then, we turn to dynamic networks, in which each flow unit passes from the source to the sink for a period of time less than given. Dynamic network is a network determining that all flow units sent from the source must arrive at the sink within time p is given [1] .
Dynamic networks describe complex systems, problems of decision-making, models, whose parameters can vary over time. Such models can be found in communication systems, economic planning, transportation systems and many other applications, so they have a wide range of practical applications.
II. LITERATURE REVIEW
Historically, the maximum flow finding in dynamic graphs was the first task in dynamic graphs, described in the literature. The notion "dynamic flow" was proposed by Ford and Fulkerson [2] as a task of maximum dynamic flow finding in a network. This problem is related to finding a maximum flow, passing from the source (s) to the sink (t),
in the network for p discrete time periods, starting from zero period of time.
The task of minimum cost flow finding in dynamic graphs is that of searching for flows of the given value, which have a minimum cost in dynamic graphs. This field, which appeared later, is a more complex sphere of investigations. Fleischer and Skutella [3] examined this problem. Cai et al. [4] , Halpern [5] considered networks with transit parameters. The subproblem of the minimum cost flow finding in dynamic graphs is the shortest path problem. This problem was introduced by Cooke and Halsey [6] and was widely reported in the literature by such authors as Ahuja et al. [7] , Pallottino and Scutella [8] in terms of nonnegative transit times.
The fact that the flow, passing along the arcs of the graph, can have lower bounds usually is not taken into account in the literature. For example, a network that consists of railways, sea and air roads is considered. Therefore, the freight trains have a certain level of load, which exceeds a profitability threshold; transport planes do not fly at a low load. Thus, it is necessary to introduce lower flow bounds, which can lead to the absence of feasible flow.
III. PROBLEM STATEMENT
The task of minimum cost flow finding in a fuzzy dynamic network with fuzzy lower and upper flow bounds has the following problem statement:
Equation (1) means that it is necessary to find the minimum cost transmission route of the given flow value for the specified number of time periods. Equation (2) indicates that the given flow value  for p time periods is equal to the flow, We represent the formal algorithm describing the solution to the problem of finding a minimum cost dynamic flow with upper and lower fuzzy flow bounds in a fuzzy transportation network with time-varying fuzzy flow bounds, transmission costs and time-varying crisp flow transit times along the arcs.
Step 1. Go to the time-expanded fuzzy static graph p G from the given fuzzy dynamic graph G by expanding the original dynamic graph in the time dimension by making a separate copy of every node 
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Step 13. Turn to the initial dynamic graph G from the time-expanded static graph p G as follows: the given dynamic flow of minimum cost in the graph G for p time periods is equal to the flow, leaving the set of sources for all time periods and entering the set of sinks for all time periods not later than p. Each path, connecting the node-time pairs ) ,
in G . Therefore, the proposed algorithm allows finding the minimum cost flow in a fuzzy dynamic transportation network with time-varying parameters and lower and upper fuzzy flow bounds.
IV. NUMERICAL EXAMPLE
Let us consider an example, which illustrates the implementation of the algorithm. Let the transportation network, which is the part of railway network, be presented as a fuzzy directed network, obtained from GIS "Object Land" [14] , as shown in Fig. 1 .
The node 1 x is the source, the node 6 x is the sink. Fuzzy flow bounds, arc costs and crisp parameters of time, which depend on the flow departure, are presented in Tables I, II, Add the artificial nodes and arcs, connecting them with other nodes to the constructed graph in Fig. 2 and turn to the
G without lower flow bounds, which is shown in Fig. 3 .
Connectors, which have the same shape (for example, ), connect the corresponding pair of nodes in Fig. 3 . Therefore, each node 6 x for all time periods is connected with each node 
-the flows, passing along the arcs of the graph * p G after deleting the artificial nodes and connected arcs. Construct a network with the feasible flow, as shown in Fig. 4 .
Introduce the artificial source and sink, connecting them with the true sources and sinks by the arcs with infinite arc capacities and construct the residual network for the graph in Fig. 4 , as shown in Fig. 5 . Find a path of minimum cost 
